A new method to measure the flexural rigidity of fabrics is discussed here. It treats a fabric as an elastica. The two ends of a specimen, 2 L long, are clamped vertically 2X apart. The edge of a knife compresses the center of the specimen placed on the cross head of an Instron-type tensile tester. When the distance between the knife edge and the plane that includes the clamped ends of the specimen equals X, compressing force P' is measured. In the case of L = 2.0 cm and X = 0.5 cm, flexural rigidity D of the specimen is expressible as follows : D==0.071 x P' g.cm2 A specimen measured by this method is nearly equal in rigidity to one measured by the cantilever method, and the shape of a deformed specimen fits that of a calculated elastica.
1, Introduction
P2 : horizontal component of P P,=P1/P10 Many methods of measuring the flexural rigidity X : half-distance between clamped ends of fabrics by treating it as an elastica or a heavy Y : distance between compressed point and the Elastica have been studied by F. T. Peircelli and W.
line which includes both clamped ends G. Bickley. [2] These methods assume the flexural a= S/P/D rigidity of a fabric to be constant, irrespective of the (xl, yl), (x2, y2), (x3, y3) : rectangular Cartesian curvature.
Recently, however, G. Livesey and D. coodinates of inflection points
Owen,C3] and P. Grosberg [4] have made it clear that a , a'-(7r -a : tan -1 P2/P1 and tan-1 P,/P2, the relation between the curvature and the couple is 2 nonlinear at the biginning of bending. They base respectively their clarification on the frictional force present at the Q, Q' -2 +Q : slope at end of elastica point where the yarns cross one another and among quantity marked w ith a dash (') is a-times the quan-the constituent fibers. t ity not so marked Th e present article treats a fabric as a usual elastica and deduces its flexural rigidity from the relation between deformation and the force which produces 3. Theoretical Analysis it.
3-1 Deformation of Elastica 2. Symbols D : flexural rigidity of specimen E (k1, 0) : elliptic integral of second kind F (k1, 0) : elliptic integral of first kind L : half-length of specimen L1, L2, L3 : partial length of elastica Mo : moment acting at clamped ends P : force acting on elastica P1, P0: vertical component of P, component at Y=X Both ends of a specimen 2 L long and arbitrarily wide are clamped vertically 2 X apart. (Fig. 1) . X /L must exceed 0.475 so that the elastica may have inflection points. [5] The own weight of the specimen is ignored.
The edge of a knife compresses the center of the specimen gradually.
At the first stage of the deformation, an elastica has two inflection points, Q and Q', as shown in Fig. 2 .
As the deformation increases, the curvature at the compressed point decreases.
Then, after it reaches zero curvature, the elastica gets four inflection points, Q1, Q1', Q2, and Q2', as shown in Fig. 3 . Compressing force 2P1 acts on these elasticas at the compressed points.
Reaction forces P1 and P2, whose resultant is P, and moment M act at the clamped ends.
The expressions L, X and Y for the elastica in Fig. 2 are obtained as follows : The elastica being symmetrical to the vertical through the compressed point, only half of it is considered (Fig. 4) . The elastica is divided into two parts at inflection point Q. The rectangular coodinate axes for each part are chosen as in the figure.
Length L1 of the elastica and coodinate (x1, y1) of Q are obtainable by the following equations [6] L1'=aL= F k1, 2 -F(k1, 0)
.........(U Part L2 is a part of C'ABC which is built by extending the elastica CBA past B to point C' where BAG' is symmetrical to BC (Fig. 5) .
Accordingly, length L2 and coodinate (x2, y2) of Q are expressible thus :
L2'=a(AB+BC) = F (k2, 2 +F(k2, 02) 1
-2k2 sin a' cos 02 y2'=p' sin a'+t' cos a'+q'/sin a' =sin a' 2 E (k2,) 2 + E (k2, 02) -F (k2 ,-) +F (k2,02) +2k2 cosa'cos 02 
If P1 equals zero, that is, if no compressing force acts, L', X' and Y' are obtainable by substituting 7r/2 for a and zero for a' in the above equations.
As P1 increases, so a and the curvature at the compressed point decrease. The curvature is expressed as follows from the equilibrium condition of the moment at the compressed point of the elastica L2: D -~~ = y2P cos a'-X2 P sin a' d s a' which satisfies the condition that the curvature should equal zero is obtainable as follows :
a'=tan-1x2=tan-1 y2' or a=tan-1 x2, 2 2 y2 where, P=2E k2, 2 ) -F k2, 2 q==2E(k2, 02) -F (k2, 02) t=2k cos 02-q cot a'
The total length L of the elastica ; the half-distance X between the clamped ends ; and the distance Y between the compressed point and the line that includes both clamped ends are expressible as follows :
Therefore, when the line of action of force P passes through the compressed point, the curvature is zero. Thereafter, an increase in P, changes the shape of the elastica to that shown in Fig. 3 , and a increases.
We will discuss the elastica in Fig. 6 by dividing it into three parts at the inflection points.
The lines of action of forces P's at Q1 and Q2 coincide with each other because the forces are equilibrium. Therefore, those directions and the end slopes of each part are determinded as in Fig. 6. L1', L2', L3', x1', x2 ', x3', y3' and y3' are expressible as follows. (x2' is the distance between two inflection points) L1'=F k3, 2 )_F(k3, 03) x1'=2k3 sin a cos 03+cos a 2 E (k3, 2 -E (k3, 03)1-F (k3, 2 ) -F(k3, 03) y1'=2k3 cos a cos 03-sin a 2 E (k3 The deflection continues until Y equals X.
X/L in equations (3) and (8) depends only on a and B. Accordingly with X/L experimentally fixed, a and (~ can be determined in such a way that X /L satisfies the fixed value.
Y/L is calculable by using these a and p. In the experiment under review, the total length of the elastica was 4.0 cm (L=2.0 cm) and the distance between the rclamped ends 1.0 cm (X==0.5 cm) .
The combination of a and ,3 which satisfies the condition X/L=0.'2500+0.0005 is determined by calculating as shown in Table 1 The value of Pr for each combination of a and Q is shown in the 5th column of Table 1 . Fig. 7 shows the relation between Y/L and Pr. The circles in Fig. 7 are the experimental data concerning a thin phosphobronze plate 14.4 cm long and 0.1 mm thick. The experimental data agree with calculated values. 3-2 Calculating flexural rigidity Equation (9) makes it possible to calculate f lexural rigidity from the value of L determined by the combination of a and j9, compression force P1 at the deflection defined by Y/L, and half-length L of the specimen, no matter how a and j9 combined. D=0.142 x P1 (9)" Compression force P' obtained from our experiment being equivalent to 2P1, the f lexural rigidity of the specimen is : centimeters and P' in grammes.
3-3 Shape of Deformed Elastica
Bear in mind the equations for x and y [6] .
me that a=45° and Q=46.91°. Choose the interval for the amplitude of elliptic integral.
the coodinate of any point of elastica at Y=X culable.
The shape of a deformed elastica thus ed at is shown in Fig. 8 . Assu- proper Then is calarriv-
Experiments and Discussion

4-1 Method of Measurement
An Instron type tensile tester was used to measure compression force. The specimen was 2 cm wide and 4 cm long.
The distance between the clamped ends was 1 cm. The clamp was so made that the two ends of a specimen could be held vertically 1 cm apart. The clamp with the specimen held in it was placed on the cross-head of the tensile tester in such a way that the knife edge connected to the load-cell compressed the center of the specimen in the transverse direction to it.
The cross-head was lifted up at a constant speed of 10 mm/min.
When the distance between the knife edge and the line that included the clamped ends equalled 0.5 cm, compressing force P' was read on a recording chart. Five samples in the warp direction for each of the specimens listed in Table 2 were measured. Flexural rigidity was calculated from the average compression force by using eq. (10) and converted into a value per unit width, with the results shown in Table 2 . The shape of the deformed specimen was photographed at the same time. Table  2 . The shape of the deformed specimen at Y=X is, for fabric C, as shown in Fig. 9 . The shape fits that of the calculated elastica in Fig. 8 . This shows that a specimen can be treated as an elastica.
4-3 Discussion
Conclusions
Our new method to measure the flexural rigidity of fabrics treats a fabric as an elastica.
Hence the rigidity of a specimen measured by this method is nearly equal to that measured by the cantilever method, and the shape of a deformed specimen fits that of a calculated elastica.
One of the advantages of our method is that measurement and calculation can be made easily with an it. This point is reserved for discussion at a later date.
